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Abstract

Obj ect ive:  To describe a novel mutat ion in exon 5 of the presenilin 1 gene (E120G) 
associated with early-onset  autosomal dominant  Alzheimer’s disease (AD).
Pat ient  and met hods:  The proband was a man who began with memory loss and progressive 
cognit ive decline at  the age of 34. His father and his sister suffered from early-onset  
cognit ive decline. The genet ic study performed on the blood sample using the single 
st rand conformat ion polymorphism (SSCP) technique did not  detect  any abnormality 
suggest ive of the presence of a mutat ion in PSEN1, PSEN2,  and APP.  In the last  stage of 
the disease the pat ient  had seizures and gait  alterat ion. He died at  the age of 44. Coding 
exons 3-12 of PSEN1 were studied by direct  sequencing using isolated DNA from frozen 
brain t issue of the proband.
Result s: The neuropathological examinat ion showed the presence of frequent  amyloid 
plaques and neurofi brillary tangles and severe amyloid angiopathy. The direct  sequencing 
of the PSEN1 gene disclosed the presence of the E120G mutat ion. 
Conclusions:  E120G is a novel mutat ion in PSEN1 that  probably causes early-onset  
autosomal dominant  AD. Absence of genet ic alterat ions in screening techniques (SSCP) 
does not  rule out  the presence of mutat ions. We recommend direct  sequencing for the 
genet ic study of pat ients with early-onset  autosomal dominant  AD. 
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.



14 A. Lladó et  al 

Introduction

So far three genes have been implicated in causing monogenic 
Alzheimer’s disease (AD), which is characterised by an early 
onset  and an autosomal dominant  inheritance pat tern1.  
These three genes are the amyloid precursor protein (APP), 
presenilin 1 gene (PSEN1) and presenilin 2 gene (PSEN2). 
Mutat ions in the PSEN1 gene are those that  most  often cause 
early-onset  AD with autosomal dominant  pat tern, since 177 
pathogenic mutat ions have been reported in it  so far2.  The 
clinical phenotype of pat ients with PSEN1 mutat ions is 
similar to that  seen in sporadic AD with an earlier onset  age 
(average, 44 years), although cases have been reported with 
a part icular phenotype (AD and spast ic paraparesis, frontal 
variant  of frontotemporal lobar degenerat ion, AD associated 
with lobar haematomas, etc.)3-5.

In this study, we describe a new mutat ion in exon 5 of 
PSEN1 in a pat ient  with early-onset  AD and autosomal 
dominant  pat tern.

Patient

Male, 39 years, derived to the informat ion and genet ic 
counselling program for monogenic dement ias (PICOGEN) in 
the Unitat  d’ Alzheimer i alt res t rastorns cognit ius (UATC) 
unit  at  the Hospital Clinic in Barcelona to assess a genet ic 
study6.  Right -handed, schooled unt il age 14, alcohol 
consumpt ion 20 g/ day, frequent  user of cannabis without  
dependence criteria and smoker, with no other relevant  
medical history. His wife related that  the pat ient  presented 

the fi rst  cognit ive problems at  age 34 in the form of 
forget t ing errands and recent  informat ion, with some 
episodes of disorientat ion in public t ransport . A 
neuropsychological study later showed dif fuse cognit ive 
impairment  with frontal and temporal predominance. The 
clinical diagnosis was probable AD in stage 4 of the Global 
Deteriorat ion Scale (GDS), and pharmacological t reatment  
with donepezil was started. At  the t ime of his UATC visit ,  
the pat ient  was st il l independent  for basic act ivit ies of daily 
living, although he presented an obvious amnesia problem 
(shaving three t imes a day) and never left  his home alone 
for fear of get t ing lost .

The family history showed an early onset  dement ia with 
an autosomal dominant  inheritance pat tern. The ages at  
onset  in the father and a sister of the affected pat ient  are 
not  well known, but  they died at  54 and 49 years, 
respect ively, after a clinical picture of cognit ive decline for 
several years.

The init ial examinat ion showed no neurological focus. 
Cranial computed tomography (CT) did not  offer signifi cant  
fi ndings and cerebral single photon emission CT (SPECT) 
showed a discreet  left  temporoparietal hypoperfusion.

After a session of genet ic counselling and signing the 
informed consent , blood was collected. We analysed exons 
3-12 of PSEN1 and PSEN2 and exons 16 and 17 of APP through 
single-st rand conformat ion polymorphism (SSCP), but  did 
not  detect  any abnormalit ies that  indicated genet ic 
alterat ions in these genes.

During monitoring, the pat ient  presented progressive 
cognit ive and motor impairment , with onset  of behavioural 
disturbances (loss of init iat ive, depressive symptoms, 
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Resumen

Objet ivo: Describir una nueva mutación en el exón 5 del gen PSEN1 (E120G) asociada a en-
fermedad de Alzheimer (EA) de inicio precoz y patrón de herencia autosómico dominante.
Paciente y métodos: El probando era un varón en el que se inició la enfermedad a los 
34 años con problemas de memoria y deterioro cognit ivo progresivo. Su padre y una herma-
na presentaron deterioro cognit ivo de inicio precoz. El estudio genét ico por single st rand 
conformat ion polymorphism (SSCP) de una muestra sanguínea del probando no detectó 
anormalidades que indicaran mutaciones en PSEN1, PSEN2 y APP. En los estadios fi nales de 
la enfermedad, el paciente presentó crisis epilépt icas y alteración de la marcha. El pacien-
te falleció a los 44 años. Los exones 3-12 del gen PSEN1 fueron analizados por secuencia-
ción directa ut ilizando ADN aislado del tej ido cerebral congelado del probando.
Result ados:  El examen neuropatológico reveló abundantes placas seniles y ovillos neuro-
fi brilares, j unto con una angiopat ía amiloidea severa. El nuevo estudio genét ico del gen 
PSEN1 realizado mediante secuenciación directa detectó la mutación E120G.
Conclusiones:  E120G es una nueva mutación en PSEN1,  probable causa de EA de inicio 
precoz con pat rón autosómico dominante. La ausencia de mutaciones en estudios gené-
t icos de cribado (SSCP) no descarta que haya mutaciones. Se recomienda el estudio ge-
nét ico mediante secuenciación directa en los casos de EA de inicio precoz y pat rón de 
herencia autosómico dominante.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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irritability, hyperact ivity and occasional heteroaggressiveness). 
The pat ient  showed high sensit ivity to the side effects of 
ant ipsychot ic drugs, with axial dystonia. Echolalia and 
substance usage behaviours appeared at  later stages. At  that  
t ime, the neurological examinat ion showed hyperrefl exia 
and hypertonia/ spast icity with right  predominance, primit ive 
refl exes of the midline and frontal liberat ion and gait  
disturbance. In the fi nal period, the pat ient  presented loss of 
ambulat ion, severe dysphagia, cachexia and seizures. The 
pat ient  died at  age 44 after 10 years of disease. The family 
of the pat ient  donated the brain to the neurological t issue 
bank at  the Hospital Clinic-University of Barcelona.

Methods

A neuropathological study of the pat ient  was performed 
using haematoxylin-eosin staining and immunohistochemical 
detect ion of amyloid βA4, phosphorylated tau protein (AT-
8), alfasynucleín and TDP-43. DNA was ext racted from 
frozen brain t issue using DNeasy t issue kit  (Qiagen). Exons 
3-12 of the PSEN1 gene were analysed by direct  sequencing 
according to prior descript ions7.

Results

Neuropathological study

Brain of 950 g. The macroscopic study observed a marked 
general at rophy. In the microscopic study there were 
numerous senile plaques, diffuse and mature, with 
immunoreact ivity for βA4, diffusely dist ributed throughout  
the brain, the brainstem and the cerebellum (Fig. 1). Along 
with the senile plaques, widespread immunoreact ivity was 
present  for phosphorylated tau protein, in neurons with 
abundant  neurofi brillary degenerat ion, neurit ic plaques and 
neuropil threads (Fig. 1). Absence of react ivity to alfasynucleín 
and TDP43. Severe amyloid angiopathy in leptomeningeal 
and int racort ical vessels, cerebral and cerebellar. The fi nal 
pathologic diagnosis was AD in Braak stages VI/ VI with 
neurofi brillary degenerat ion and Braak stage C amyloid 
deposits with associated severe amyloid angiopathy.

Genetic study

We found one nucleot ide change (A>G) in exon 5 of the 
PSEN1 gene. This genet ic alterat ion leads to an amino acid 
change at  codon 120 of glutamate (GAA) to glycine (GGA), 
leading to the E120G mutat ion (Fig. 2). No cosegregat ion 
studies of the mutat ion could be performed in this family, 
since there were no other living affected relat ives, nor was 
there brain t issue available from deceased affected 
relat ives.

Discussion

The E120G mutat ion is located in the fi rst  hydrophilic region 
connect ing t ransmembrane domains 1 and 2, in a highly 
conserved codon in PSEN1 and PSEN28.  This fact , together 

with the familiar presentat ion of the disease, confi rmat ion 
of AD in the pathological study and the previous descript ion 
of other mutat ions in the same codon (E120K, E120D)8,9,  
indicates that  this mutat ion is the cause of the disease in 
this pat ient , and it  is unlikely to be a rare non-pathogenic 
polymorphism. However, it  has not  been possible to carry 
out  cosegregat ion or funct ional studies to confi rm causality. 
In this sense, according to a recent  art icle by Guerreiro et  
al10 that  assesses the degree of pathogenicity at t ributable 
to genet ic changes detected in genes PSEN1 and PSEN2,  this 
mutat ion would have to be at t ributed a pathogenicity with 
a degree of “ likely” .

The E120G mutat ion, like most  of the mutat ions described 
in this gene, leads to early-onset  AD with an autosomal 
dominant  inheritance pat tern. The early age of onset  in this 

Figure 1 A: βA4 amyloid; cerebral amyloid angiopathy and 

plaques; the amyloid deposits of the brain parenchyma appear 

to spread from the vessel wall;  dif fuse and mature amyloid 

plaques can also be observed. B: phosphorylated tau protein; 

neurofi brillary degenerat ion in the cytoplasm of neurons and in 

numerous cellular processes or neuropil threads next  to neuri-

t ic plaques.

Figure 2 DNA sequence of exon 5 of PSEN1 showing the E120G 

mutat ion (arrow). A: direct  sequence. B: inverse sequence.
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pat ient  is similar to that  described in another mutat ion in the 
same codon (range of age of onset  in mutat ion E120K, 32-39 
years) and a decade less than the other mutat ion described 
in this codon (41-53 years)8,9. Epilept ic crises have been 
reported in various mutat ions of the PSEN1 gene, including 
mutat ion E120D. The pathology includes the typical fi ndings 
of AD along with signifi cant  amyloid angiopathy.

The technical approach for the detect ion of mutat ions in 
candidate pat ients can be handled in different  ways, 
depending on the availability of laboratory diagnost ic 
techniques. Direct  sequencing study has a higher sensit ivity 
than convent ional SSCP study (est imated sensit ivity of around 
80%, depending on the specifi c laboratory), although the 
lat ter is often used as an init ial screening method for its 
lower economic and t ime costs. After this test , those 
fragments that  show anomalous pat terns are then sequenced11.  
Thus, the clinician should be aware of the SSCP study 
sensit ivity when report ing the results to the pat ients and/ or 
their families. The existence of false negat ives in the SSCP 
study must  make the clinician reconsider the request  for a 
new genet ic study by direct  sequencing in cases with high 
probability of having a mutat ion causing AD in which a prior 
SSCP study has proven negat ive5. The case described 
emphasises the importance of carrying out  sequencing studies 
in cases of early-onset  AD and autosomal dominant  inheritance 
pat tern, even though the study by less sensit ive convent ional 
screening techniques is negat ive. However, it  must  be 
st ressed that  none of these techniques allows an assessment  
of gene dosage, that  is, the presence of delet ions or 
duplicat ions of the ent ire gene.

In summary, we describe a new mutat ion in the PSEN1 
gene (E120G) that  is the probable cause of early-onset  AD 
with an autosomal dominant  inheritance pat tern. This case 
emphasises the importance of carrying out  genet ic studies 
with direct  sequencing techniques in compat ible cases, 
even in cases which return negat ives in less sensit ive 
techniques.
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